Background-A recent study of human cadaveric renal arteries revealed that renal artery narrowing could be due not only to atherosclerotic plaque compensated for by adaptive remodeling, but also to hitherto undescribed focal narrowing of an otherwise normal renal arterial wall (ie, coarctation). The present study investigated whether vessel coarctation could be identified in patients with symptomatic renal artery stenosis (RAS). Methods and Results-Consecutive symptomatic patients with angiographically proven atherosclerotic RAS who were referred for stent placement were studied by 30-MHz intravascular ultrasound before intervention (nϭ18) or after predilatation (nϭ18). Analysis included assessment of the media-bounded area and plaque area (PLA) at the most stenotic site and at a distal reference site (most distal cross-section in the main renal artery with normal appearance).
I
t is generally accepted that atherosclerotic plaque accumulation is the principal cause of renal artery stenosis (RAS). 1,2 A recent intravascular ultrasound (IVUS) study in human renal arteries obtained at autopsy, however, suggested an alternative cause of RAS. 3 In that study, we observed that in 60% of the specimens, plaque accumulation, with or without compensatory vessel enlargement (ie, adaptive remodeling), caused lumen narrowing. This phenomenon was first described by Glagov et al 4 and, subsequently, by others. 5, 6 In the remaining 40% of the specimens, however, focal narrowing of the renal artery wall with little or no plaque was observed. Here, we propose the term "coarctation" to describe the latter condition (Dorland's Medical Dictionary defines coarctation as "a condition of stricture or contraction" 7 ) .
If this condition is present in vivo, it might cause hemodynamically significant RAS. However, to the best of our knowledge, renal artery coarctation has not been described before in vivo, especially not in patients with atherosclerotic renal vascular disease. The first aim of the present study was, therefore, to establish whether renal artery coarctation could be identified as a contributing factor to RAS in symptomatic patients with angiographically proven RAS. The second aim was to identify angiographic and/or clinical variables that might be predictive for the distinguishing lesions.
Methods
Between September of 1996 and March of 1999, we studied 48 consecutive patients (16 women and 32 men aged 59Ϯ9 years [meanϮSD]) with hypertension and/or renal function impairment and atherosclerotic RAS who were referred for percutaneous transluminal stent placement guided by IVUS. Previous angiograms had revealed Ͼ50% diameter stenosis in all patients. The Local Committee of Human Research approved the investigation. Patients were included in the study after informed consent was obtained.
Revascularization was performed via the femoral approach. The stenosis was crossed with a 5F selective catheter in combination with 0.035-in hydrophilic guidewire (Terumo). The hydrophilic wire was exchanged for a 0.020-in stiff guidewire with a flexible tip (Boston Scientific) for guiding the IVUS catheter, the angioplasty balloon, and the balloon-expandable stent. A 30-MHz mechanical IVUS imaging system was used with 4.3F catheters ("Princeps", EndoSonics). 8 The IVUS catheter was positioned distally from the stenosis in the first major side branch. Real-time cross-sectional images of the renal artery wall obtained during slow pullback of the IVUS catheter were displayed on a monitor and stored on S-VHS videotape for off-line analysis.
Image Analysis
From each renal artery, multiple IVUS cross-sections were quantitatively analyzed to select the target site and a reference site for further analysis. The target site was the IVUS cross-section with the smallest lumen area. The reference site was the most distal crosssection in the renal artery truncus with a normal appearance. Analysis included assessment of lumen area (LA), media-bounded area (MBA), plaque area (PLA), and percentage area stenosis. LA was defined as the area encompassed by the inner boundary of the intimal surface. MBA was defined as the native vessel area bounded by the external elastic lamina. PLA was calculated by subtracting LA from MBA. Percentage area stenosis was calculated as the LA at the target site divided by the LA at the reference site.
The MBA at the target site was expressed as a percentage of the MBA at the reference site. A relative MBA of Ͼ85% at the target site indicated a similar or larger MBA ("adaptive remodeling" group), and a relative MBA of Յ85% at the target site indicated a smaller MBA than at the reference site ("coarctation" group). On the basis of our previous observation that renal artery tapering does not occur, 3 we used a 15%-tolerance interval to define a smaller MBA to be on the conservative side. We assessed whether the conclusions of the quantitative analysis, which were performed by 2 independent observers (T.C.L. and J.A.v.E.), were consistent for the observers individually. Mean values of the 2 observers are given.
Statistical Analysis
The 2 groups were compared with regard to the MBA and PLA at the target and reference sites, relative MBA, and percentage area stenosis. Student's t tests were used at the PϽ0.05 significance level. Interobserver variability for quantitative IVUS measurements was quantified by regression analysis and a coefficient of variation, which was defined as the standard deviation of the paired difference divided by the mean of the absolute value. Multivariate logistic regression analysis was performed to predict the presence of either of the 2 lesions.
A logistic regression model was fitted using angiographic and clinical parameters as the independent variables. Angiographically, a distinction was made between ostial and truncal lesions. 9 Dependence on the following clinical characteristics was assessed: age, sex, signs and symptoms of atherosclerotic vascular disease (angina pectoris, intermittent claudication, cerebrovascular accident, or vascular surgery), onset of hypertension (Ͻ1, 1 to 2, 2 to 5, or Ͼ5 years), smoking history (ever or never), obesity (body mass index Ն25 kg/m 2 ), serum creatinine concentration, and hypercholesterolemia (serum cholesterol level Ͼ6.5 mmol/L or use of cholesterollowering agents). In addition, we assessed whether any differences were found in the initial technical success rate or the 3-month clinical results (systolic and diastolic blood pressure, number of antihypertensive drugs, and serum creatinine level) between the 2 groups.
Results
IVUS images were obtained in 18 patients before intervention and in 18 other patients after predilatation with an angioplasty balloon 5 or 6 mm in diameter. In the remaining 12 patients, the interventionist did not use IVUS before stent placement.
Quantitative IVUS data for the group studied before intervention are given in the Figure) . PLA in the coarctation group (13.9Ϯ4.4 mm 2 ) was also significantly smaller than in the adaptive remodeling group (23.7Ϯ6.1 mm 2 ; Pϭ0.001). Quantitative parameters at the reference site and the degree of area stenosis were not significantly different between the 2 groups. Similar results were found in the 18 patients studied after predilatation (Table) .
The 2 observers showed good observer agreement with regard to the IVUS measurements, with a high correlation coefficient (rϭ0.98; observer 2ϭ0.98ϫobserver 1ϩ0.64 mm 2 ) and an overall coefficient of variation of 10.7%. The conclusions were consistent for each observer individually. Multivariate regression analysis did not reveal any angiographic or clinical parameter predictive for either adaptive remodeling or coarctation; no differences were encountered in initial technical success and 3-month clinical outcome between the 2 groups.
Discussion
The conventional concept of development and progression of atherosclerotic RAS is the accumulation of plaque, with or without compensatory vessel enlargement (ie, adaptive remodeling). The current findings suggest an alternative mechanism of symptomatic RAS, characterized by focal narrowing of the renal artery wall and little plaque (ie, coarctation). The latter phenomenon was responsible for symptomatic RAS in 50% of patients, a prevalence of coarctation similar to that previously seen in our autopsy study. 3 Coarctation could be identified even after balloon dilatation in 44% of the patients. The present study is the first in which coarctation as a cause of RAS was evidenced clinically. It is noteworthy that 32 years ago, McCormack et al 10 Renal arteries are divided into the adaptive remodeling and coarctation groups according to the relative MBA at the target site (Ͼ85% and Յ85%, respectively). Values are meanϮSD and represent the averaged results of the 2 independent observers. NS indicates not significant.
collagen," which may reflect the coarctation seen in the present study. In our previous autopsy study in which we combined IVUS with histologic analysis, however, coarctation was not associated with specific histologic characteristics. Mintz et al 11 described de novo stenotic lesions in coronary arteries that were characterized by inadequate remodeling and less plaque than expected. One might postulate that these coronary lesions are similar to the coarctation lesions in renal arteries seen in the present study.
The pathogenesis of coarctation RAS obviously remains speculative at this stage. Abdominal aortic coarctation, with or without involvement of the renal arteries, may be related to renal artery coarctation but, as with fibromuscular dysplasia, Takayasu's arteritis, and neurofibromatosis, this is a relatively rare cause of RAS that commonly involves younger patients. In the present study, angiographic and clinical data were similar for both the adaptive remodeling and the coarctation groups. In the coronary artery study of Mintz et al, 11 a significant association was found between inadequate remodeling lesions and the extent of lesion calcium. This led the authors to postulate that inadequate remodeling was a manifestation of advanced atherosclerosis. In the present study in renal arteries, however, only small, incidental speckles of calcium were present, both in the adaptive remodeling and the coarctation groups. This, together with the fact that coarctation was also evident in human cadaveric renal arteries without plaque accumulation, suggests that in renal arteries, coarctation is a non-plaque-determined phenomenon, possibly related to an early rather than a late stage of atherosclerosis or perhaps not even related to atherosclerosis at all.
Clinical Implications
The heterogeneity of atherosclerotic RAS, as shown in the present study, may have important clinical implications. Plaque-focused treatment by means of intravascular radiation therapy or plaque-lowering agents could be of minor importance for coarctation RAS. In addition, renal artery revascularization by either balloon angioplasty or stent placement is clinically successful in only part of the patient population treated. 12 Currently, which parameters determine the outcome of revascularization is insufficiently known. Whether the type of RAS determines the outcome of intervention is a question that will be investigated in future studies.
A limitation of our study was that IVUS images were not obtained in all 48 patients. This may have resulted in a selection bias; the prevalence of coarctation RAS as presented here must, therefore, be interpreted with caution.
